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thyl, 1-anthracyl and the like. Compounds wherein R, 
R' each contain up to 8 carbons and X and Y each con- 
tain fewer than 1 1 carbons are preferred. 

This invention also is directed to the process for pre- 
paring the gem-diamines (I). This process comprises re- 
acting an alkyiidenimine of the formula 



NY 

R-CFi-H-CFi-R 7 



10 wherein Y, R and R' are as defined above with at least 
an equivalent molar amount of a compound of the for- 



ABSTRACT OF THE DISCLOSURE 

gem-Diamines produces by the reaction * of N-aryl 
fluorinated ketimines with ammonia, alkyl amines or alky 1 
substituted hydrazines are claimed. These compounds are 
useful as inhibitors of free radical polymerizations. 



mula 



XNH, 



(ID) 



} 5 wherein X is as defined above. Preferably, the reactants 
are present in equimolar amounts. 
The above process is illustrated by the equation 
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This application is a continuation-in-part . of my co- 
assigned application, Ser. No. 329,904, filed Dec. 11, 1963, 
now VS. Patent No. 3,326,976, which is a continuation- 
in-part of my coassigned abandoned application, Ser. No. 
134,815, filed Aug. 30, 1961. 

This invention relates to stable aromatic fluorine-con- 
taining gem-diamines and to the process for their prepara- 
tion. 

Geminal diamino compounds, i.e., compounds having 
two amino groups attached to the same methylene, mono- 
or disubstituted methylene group, are known to be un- 
stable (Whitmore, "Organic Chemistry," second edition, 
D. Van Nostrand Co., Inc., New York, 1951, page 329). 
For example, the gem-diamine, diaminomethane has not 
been reported as existing in the free state. Some deriva- as 
tives of gem-diamines are known to be stable, for ex- • 
ample the hydrohalide salts of diaminomethane prepared 
from formamide are known to be stable [Whitmore, 
supra, and Knudsen, Ber. 47, 2698 (1914)]. 

This invention represents a great advance in the art *'» 
by providing fluorme-containing gem-diamines which, 
quite unexpectedly, are stable. The stability of these fluo- 
rine-containing gem-diamines is completely unpredictable 
from the heretofore known properties of the nonfluorine- 
containing gem-diamines. 

This invention is directed to stable fluorine-containing 
gem-diamines of the formula 



NT 
E-CPt-fi-c 



Pt-R' + XNHj 



NHX 
R— OFi-i-CFr 

iSthy 



4Ti 



NHX 
R-CP*-A-OFr-B' 
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wherein R and R' are members of the group consisting 
of hydrogen, halogen, perhaloalkyl of up to 18 carbon 
atoms, and o-hydroperhaloalkyl of up to 18 carbon atoms, 
the halogens in each R and R' being of atomic number 
9 to 17, inclusive; X is selected from the group consist- 
ing of hydrogen, alkyl of up to 18 carbon atoms, cyclo- 
alkyl of up to 7 carbon atoms, amino, monosubstituted 
amino wherein the substituent is selected from the group 
consisting of alkyl of up to 18 carbon atoms and cyclo- 
alkyl of up to 7 carbon atoms; and Y is aryl of up to 
.14 carbon atoms. The term aryl is defined as a carbocyclic 
aromatic substituent such as phenyl, 1-naphthyl, 2-naph- 
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in which R, R', X and Y are as defined above. 

In addition to ammonia and hydrazine, the amine re- 
actants which can be used in the process embodiment of 
this invention are primary alkylamines of up to= 18 car- 
bon atoms, primary cycloalkylamines of up to 7 carbon 
atoms, and monosubstituted hydrazines wherein the sub- 
stituent is selected from the group consisting of alkyl of 
up to 18 carbon atoms and cycloalkyl of up to 7 carbon 
atoms. For example, amine reactants include methyl - 
amine, emylamine, n-butylamine, n-hexylamine, 2-ethyl- 
n-hexylamine, dodecylamine, hexadecylamine, octadecyl- 
amine, cycloj^ntylamine, cyclohexylamine, cycloheptyl- 
amine, hydrazine, methylhydrazine, ethylhydrazine, iso- 
propylhydrazine, n-propylhydrazine, n-amyrhydrazine, n- 
hexylhydrazine, dodecylhydrazine and octadecylhydrazine. 

The reaction mixture is heated under reflux for at least 
15 minutes in the presence or absence of a solvent There- 
after, the product is isolated by conventional means, e.g., 
the solvent is evaporated and the product separated from 
the resultant residue by distillation. The temperature of 
reaction will depend upon the particular solvent and re- 
actantsused. 

Solvents suitable for the process of this invention should 
.not react with the reactants and reaction product and 
- include those which are normally liquid at -the. reaction 
temperature and which dissolve at least some of both re- 
actants. Examples of suitable solvents are. chloroform, 
methylene chloride, dimethyl ether, diethyl ether, tetra- 
hydrofuran, cyclohexane and the like. . . 

Tfce pressure at which the reaction is conducted is not 
critical. Thus, the reaction can be conducted at atmos- 
pheric, subatmospheric and superatmospheric pressure. 

N-arylalkyUdenimine reactants (II) used in the process 
embodiment are prepared by reacting, in the presence of 
cesium fluoride, a polyhaloketone as illustrated fey the 
equation 

o 



3-CFt-B' + Y-N=C=0 

N-Y 
R-CF*-& 



-CF*-R' + COt 
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wherein R, R' and Y have the above indicated meanings. 
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The reaction can be conducted at autogenous pressure, 
preferably at temperatures of between 100-200° C. The 
reaction can be conducted at higher or lower temperatures 
than the preferred temperature range. The quantity of 
cesium fluoride used generally is about 10% by weight, 
based on the amount of the haloketone used. Higher or 
lower amounts of cesium fluoride can also be used. 

The following examples further illustrate the invention. 

Example L — N-phenyl-l,3-dichloro-l,l,3,3- 
tetrafluoro-2,2-propanediamine 

N-CUHj NH-CiHf 

CFtCl-C-CFtCl + NH» > CFiCl-i-CFjCl 

NHj 

Ammonia, 2 ml., at —78° C was slowly distilled into 
13,4 g. (0.049 mole) of N-phenyl-l,3-dichloro-l,l,3,3- 
tetrafluoroisopropyUdenimine, prepared as described be- 
low, and the reaction mixture was stirred overnight. The 
bright yellow color of the reaction mixture faded during 
this time. Distillation gave 10.8 g. of N-phenyl-l,3-di- 
chloro-l,l,3,3-tetrafluoro-2,2-propanem^mine as a color- 
less oil, B.P. 79-80° C (0.3 mm.), n D » 1.4983. The pro- 
ton n-m-r spectrum showed a multiplet at 3.08r (area 5) 
and singlets at 5S9t (area 1) and 8.16r (area 2). 

Analysis.— Calcd. for CVH8CUF 4 N 2 : C, 37.14; H, 2.77; 
CI, 24.39; F, 26.12; N, 9.62. Found: C, 38.01; H, 2.89; 
CI, 23.63; F, 25.05; N, 9.84. 

The N - phenyl-l.S-dichloro-l.l^^-tetrafluoropropyli- 
denimine used in the above experiment was prepared as 
follows: 

A 240 ml. Hastelloy® reactor was charged with 10 g. of 
cesium fluoride, 100 g. (0.5 mole) of S-dichlorotetra- 
fluoroacetone, and 50 g. of phenyl isocyanate. The charge 
was heated at 100° C. for 2 hours, at 125° C for 2 hours, 
and 150° C. for 8 hours. Thereafter the reactor was per- 
mitted to cool to ambient temperature, vented to the 
atmosphere, discharged, and the residual liquid distilled. 
From the distillation there was recovered 10.5 g. of a 
yellow oil, B.P. 72 to 73* C (5.5 mm.), n D » 1.4750. The 
infrared spectrum contained a band at 5.92/l for CN, and 
the fluorine n-m-r (56.4 mc), when determined on a cold 
sample, showed two triplets centered at —775 c.p.s. and 
— 602 c.p.s. (J, 19 cp.s.) shifted from Freon 1129 stand- 
ard. 

The analytical data indicated that the product, obtained 
above, was N-phenyM^-dichloro-ljl^^-tetrafluoropro- 
pyUdenimine formed according to the equation: 
o 

CFiCl-fi-OFjCl + CiHt-N=C«0 ► 
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Two recrystallizations of the first crop from ether/pen- 
tane using activated carbon gave a colorless crystalline 
product, M.P. 74.2-74.7° C. 

Infrared spectrum: 2.95, 3.06, 3.14, 3.19/x (NH and 
NH 2 ); 3.24, 3.88/* (=CH); 6.21, 6.43, 6.47 M (NH 2 and 
arom. C=C); strong absorption 8-9/* for C-F; 13.29, 
14.39/1 (monosubstituted aromatic). Proton n-m-r spec- 
trum (in CHCls): 2.88r (arom. H, 5x peak); 5.74r 
(broad) and 6.63t (sharp) of equal size for NH and 
NH 2 . Fluorine n-m-r spectrum (in either) : single reso- 
nance for CF 3 . Titration in ethanol-water with 0.1 N 
NaOH showed buffering at pH 3.5-4.5 and a neutral 
equivalent of 276. 
Analysis.— Calcd. for CyHflFeN,: F, 41.8; N, 15.4; 
15 N.E., 273. Found: F, 41.74; N, 15.06; N.E., 276. 

The N-phenylhexafluoroisopropyhderiimine used in the 
above experiment was prepared as follows: 

A 240 ml. Hastelloy® pressure reactor was charged 
with 24 g. of phenyl isocyanate and 4.8 g. of powdered 
20 cesium fluoride (tube preceded, N 2 atm.) and then 50 
g. of bexafiuoroacetone was' added. The mixture was 
thereafter heated under autogenous pressure at 100° C 
for 2 hours, at 125° C. for 2 hours, and at 150° C. for 
8 hours. The reactor was allowed to cool, and 16 g. of 
25 volatile product was collected in a stainless steel cylinder. 
This material was found by infrared and gas chromato- 
graphic analysis to contain carbon dioxide as the major 
component, along with unreacted hexafluoroacetone. The 
non-volatile product, 53 g., was filtered, and the filtrate, 
39 g., on distillation with a spinning band column gave 
35.9 g. (75% conversion) of N-phenylhexafluoroiso- 
propyKderiimine as a yellow liquid, B.P. 48-50° C. at 22 
mm. The infrared spectrum showed bands at 3.26 (CH), 
6.25, 6.30, and 6.70/t (arom. C=C), 5.78/* (C=N), 
13.24 and 14.46/t (monosubstituted benzene), and strong 
absorption in the 8/i region (CF) in support of this struc- 
ture. The UV spectrum in ethanol showed *3420A=5.95 
and *2330A=13.5. The fluorine n-m-r spectrum (56.4 
mc, Freon 112® ref.) showed two resonances in the CF, 
region at —255 and -f 245 c.p.s. The proton n-m-r reso- 
nance showed several peaks in the aromatic region, 400 to 
350 cpA from (CH3 )&i at 60 mc 

Anatysis.-Odcd. for (WW F, 47.3; N, 5.81. 
Found: F, 47.19; N, 5.79, 5.87, 5.64. 
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Example IIL — 2-amino-2-phenylamino-l,l , 1,3,3,3- 
hexafluoropropane 



50 



CF, 



N— C1H1 
-fi-CFi + NHs 



N-CtHi 
CF1CW-S-CF1CI + COj 

Example II. — 1-( l,l,l,3,3,3-hexafluoro-2-phenyiamino- 
propyl) hydrazine 



NHCtH, 
CFt-A-CFi 
NHs 
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CFi 



C.H*N=C' 



+ HiNNH, 



CFi 



CiH«NH CF» 
C 
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To a stirred mixture of 1.1 ml. (ca. 1.1 g.) of anhy- 
drous hydrazine in 25 mL of ether at room temperature 
was added a solution of 8.6 g. of N-phenylhexafluoro- 
propyUdenxmine, prepared as described subsequently, in 
25 mi of ether. A slight exothermic effect was noted and 
the solution refluxed gently. The mixture was heated under 
reflux for two hours, at which point solid had separated 
on the walls of the flask. The addition of an additional 
0.2 mL of hydrazine gave no apparent change. The mix- 
ture was evaporated to dryness and the white solid residue 
was treated with pentane and filtered to give 6.41 g. of 
pale yellow crystalline 1 - (1,1,1,3,3,3 - hexafluoro - 2 - 
phenylaminopropyi) hydrazine, M.P. 76.3-77.9° C A sec- 
ond crop of 1.64 g., M.P. 77.5-78.3° C. (total 8.05 g., 
83% conversion) was obtained by cooling the filtrate. 75 
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Ammonia, 5 g-, was slowly distilled into a flask con- 
nected to a solid carbon dioxide-cooled reflux condenser 
and containing 18.4 g. of stirred N-phenylhexafiuoropro- 
pytfdenimine, prepared as described in Example IL The 
yellow color of the reaction mixture faded near the end 
of the addition. The reaction mixture was distilled to 
give 17.1 g. of 2-ammo-2-phenylaniino-l,l,l,3,3,3-hexa- 
fluoropropane as a colorless liquid, B.P. 48° C. (0.4 
mm), /id 25 1.4392. The infrared spectrum contained 
bands at 2.93/x, 2.98/*, and 3.1/i for NH and NH* The 
proton n-m-r showed a multiplet centered at 3. Or (area 
5), a singlet at 6.10r (area 1) and a singlet at 8.23r (area 
2). 

Analysis.— Calcd. for QJI«F 6 N a : C, 41.86; H, 3.13; 
F, 44.16; N, 10.85. Found: C, 42.44; H, 3.14; F, 44.23; 
N, 11.44. 

In the right hand column of Table I are listed N- 
arylfluoroalkylidenimines which are obtained when the 
fluoroketone listed in the left hand column is reacted with 
the indicated aryl isocyanate according to the process of 
Example L Higher homologies of e^hydroperfluoroke- 
tone are described in U.S. 3,029,252. 
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TABLE I 



Reactants 



Product 



NOO 



CF,CCF,CFi + 



CF,CC,P U + 



HCF1CF1-C— CFi + 





CF,&CFiCFi 



NCO 



HCFtCFt- 



CICFiCFr 



J— CF»C1 + 1-anthrooyl Isocyanate 
NOO 



N-l-enthracyl 
CICFiCFt-C— CFjCl 



CICFj 



FiOl + 



O 

H(OFj)wC(OFi)i»H + cmaphthyi bocyanate 
H 0«Fa— ft— CiFuH + £-naphthyl tsocyanata 



N 

ClCFt-ft-CFiCl 

N-a*naphthyl 
H(CFx)ioC— {CFihoH 

N-^iaphthyl 
HOiFit— C— CtFijH 



The diamines of this invention are useful as polymer 
intermediates and as inhibitors in free radical vinyl polym- 
erizations. For example, the diamines react with diisocya- 
nates to give polyureas which have valuable properties. 

Hie use of these diamines as inhibitors in the free 
radical polymerization of styrene is illustrated as follows: 

A solution of 20 g. of freshly distilled styrene in 50 
mL of benzene containing 0.1 g. of a,a'-azobisisobutyrom- 
trile was heated at reflux for five hours. Extensive polym- 
erization occurred. 

The polymerization was repeated with the addition of 
1 g. of N-phenyl4,3-^chloro-l,l,3,3-tetrafluoro-2^-pro- 
panediamine to the benzene solution. No polymerization 
occurred. 

The foregoing detailed description has been given for 
clarity of understanding only and no unnecessary limita- 
tions are to be understood therefrom. The invention is 
. not limited to the exact details shown and described for 
obvious modification will be apparent to those skilled in 
the art 

The embodiments of the invention in which an exclu- 
sive property or privilege is claimed are defined as fol- 



2. A compound as defined in claim 1 wherein R, R', 
40 X and Y each contain fewer than 11 carbon atoms, 

3. N - phenyl - 1,3 - dichloro - 1,1,3,3 - tetrafluoro- 
2,2-propanediamine. 

4. 1 - (1,1,1,3,3,3 - hexafluoro - 2 - phenylaminopro- 
pyl)hydrazine. 

4g 5. 2 - amino - 2 - phenylamino - 1,1,1,3,3,3 - hexa- 
fiuoropropane. 

6. Process for preparing a compound of claim 1 com- 
prising heating, under reflux conditions in a reaction 
medium inert to the reactants and reaction products, an 

60 alkyUdenimine of the formula 

NY 

R— CFr-S— CFt-B' 

with at least an equivalent amount of a compound of the 
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formula 



XNH 2 



L A compound of the formula 

NHX 
R-CFi-i-CFi-R' 
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wherein R and R' are members of Che group consisting 
of hydrogen, fluorine, chlorine, perflnoroalkyl, «-chloro- 
perfluoroalkyl or c^hydro perfluoroalkyl of up to 8 car- 
bon atoms; X is selected from the group consisting of 
hydrogen, alkyl of up to 18 carbon atoms, cycloalkyl of T° 
up to 7 carbon atoms, amino, mono substituted amino 
wherein the sobstituent is selected from the group con- 
sisting of alkyl of up to 18 carbon atoms and cycloalkyl 
of up to 7 carbon atoms; and Y is aryl of up to 14 
carbon atoms. 75 



wherein R, R', X and Y are as defined in claim 1. 

7. Process of claim 6 for preparing N-phenyH,3-di- 
chloro-l,l,3^-tetrafluoro-2^-propanediarnine comprising 
reacting, at about -78° C, N-phenyH,3Hdichloro-l,l, 
3,3-tetrafluoroisopropylidenimine and ammonia. 

8. Process of claim 6 for preparing l-( 1,1,1, 3,3,3-hexa- 
fluoro-2^phenylaminopropyl) hydrazine comprising react- 
ing, at room temperature, N-phenymexapropylideriimine 
and anhydrous hydrazine. 

9. Process of claim 6 for preparing 2-amino-2-phenyl- 
amino-l,l,l,3,3,3-hexafluoropropane comprising reacting, 
at about —78° C, N-phenylhexafluoropropylidcnimine 

and ammonia, 
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